We consider a simplistic model of spacetime foam (a gas of wormholes) and explicitly demonstrate the origin of the topological bias. In particular, we demonstrate how the gas of wormholes generates dark matter.
As it was demonstrated in Ref. [1] (see also reference therein) all the variety of dark matter phenomena can be easily attributed to a foam-like topological structure of space. A general foamed Universe can be viewed as the standard Friedman model filled with a gas of wormholes. In the present paper we consider the most simple example of a single wormhole and demonstrate how it produces DM effects. We note that exact models of the spacetime foam have been already considered in the literature (e.g., see Ref. [2] and references therein where also other topological defects were considered). However the primary interest was there focused on setting observational bounds on the foam-like structure at extremely small scales 10 3 L pl (where L pl is the Planck length), while DM phenomena suggest that the characteristic scale of the spacetime foam (and respectively of wormholes) should be of the galaxy scale, e.g., of the order of a few Kpc. The rigorous bounds obtained indicate that at small scales spacetime is extremely smooth up to the scales 10 2 L pl , that was to be expected. Indeed, at those scales topology fluctuations have only virtual character and due to renormalizability of physical field theories should not directly contribute to observable (already renormalized) effects.
For the sake of simplicity we consider the flat R 3 space, (the generalization to the Minkowski space is straightforward), while a wormhole will represent a couple of conjugated spheres S ± of the radius a and with a distance d = R + − R − between centers of spheres. The interior of the spheres is removed and surfaces are glued together. Our aim is to find the Green function △G(r − r 0 ) = −4πδ(r − r 0 ) for such a topology. In the absence of the wormhole the solution is well known G 0 (r) = 1/r. In the presence of the wormhole we still can use the standard Green function but the source experiences a topological bias [1] 
We note that the wormhole can be equally viewed as a couple of spherical conjugated mirrors, so that while the incident signal falls on one mirror the reflected signal comes from the conjugated mirror. Therefore, we can use the inversion method (see the standard books, e.g., Ref. [3] ). In the case of one spherical mirror the proper boundary condition can be satisfied if we place within the sphere an odd image ("ghost") source, i.e.,
where
y 2 y, y = r 0 − R, and R is the vector pointing to the center of the sphere. In the case of the wormhole we have to place such image into conjugated sphere and rotate it with a some matrix U which defines the gluing procedure. Moreover, every ghost image experiences again the reflection from the conjugated mirror and thus produces a countable set of images. Let R + , R − be the vectors for the positions of centers of the spheres and let us define the transformations
Applying such a transformation many times we get for the positions of extra images
which defines the topological bias in the form
We note that all images r ±n lie within the respective sphere S ± . The above expressions solve the problem posed and the exact Green function (e.g., the gravitational potential for a point source at the position r 0 ) is given by G(r) = 1/ |r − r 0 | + b ±n / |r − r ±n |. Consider now the amount of dark matter such a wormhole can produce. It is given by the integral
Consider the first term of this sum, i.e., 
and the sum gives
The factor d/(d − a) ≈ 1 describes corrections of multiple reflections of images while the leading contribution comes from the first order images. We recall that by the construction the source lies always outside the spheres, which means that a/ r 0 − R ± ≤ 1 (the equality can be achieved only when the source comes close to one of the spheres S ± ). Thus we see that the amount of dark matter produced by a wormhole can reach the order of∼ 1. Consider now a homogeneous and isotropic gas of wormholes. In this case the distribution of wormholes takes the form
3 r = 1, dU = 4π (rotations can be parametrized by a solid angle, i.e., coordinates on a unite sphere 1 ) and N is the density of wormholes. Then the mean bias is given by
where b (r, r 0 ) is taken from (4). If we assume the case when d ≫ a, then in the leading order it is sufficient to retain only n = 0 terms in (4) which give
The integration over R + is straightforward which gives the isotropic and homogeneous form of the topological bias b (|r − r 0 |)
In the Fourier representation the relation (12) can be rewritten as
Thus, taken a particular form for the distribution of wormholes g(k), we will get the topological bias function (14). We note however, that the bias considered in Ref. [1] which is capable of accounting for the observed DM effects (e.g., see the Universal rotation curve constructed in Ref. [4] and also discussions in Refs.
[5]- [8] ) corresponds to the choice
for ω < µ,
where µ ∼ T pl a(t P l )/a(t) has the meaning of the primordial temperature at which the topology has been tempered, ω 2 = k 2 + m 2 and m ∼ m 0 a(t P l )/a(t) has the meaning of the mass of a primordial scalar field.
In this manner, we see that the topological bias considered in Refs. [4] - [8] admits the very rigorous model derivation.
